Abstract: Barley silage varieties ranked based on in vitro neutral detergent fibre digestibility (NDFD) of commercial silage samples were designated as high-NDFD (H-NDFD, 'CDC Cowboy'), intermediate-NDFD (I-NDFD, 'CDC Copeland'), and low-NDFD (L-NDFD, 'Xena') and assessed in digestibility and lamb performance experiments. A replicated 3 × 3 Latin square digestibility experiment fed 50:50 silage:concentrate diets [dry matter (DM) basis] to nine rumen fistulated wethers. A growth study used 42 lambs fed 40:60 silage:concentrate diets (DM basis) with carcass traits being assessed in 21 ram lambs. In vitro NDFD of silages did not coincide with the ranking of field silage samples. Intake and digestibility in wethers did not differ (P > 0.05) among varieties. Mean rumen pH was lower (P > 0.05) for wethers fed L-NDFD than H-NDFD, with rumen pH of wethers fed L-NDFD spending more (P < 0.01) time below 6.2, 6.0, and 5.8. Growing lambs fed L-NDFD had lower (P < 0.01) dry matter intake (DMI) than lambs fed I-NDFD. Dressing percentage was higher (P < 0.05) for ram lambs fed L-NDFD than I-NDFD. Selecting barley silage varieties based on improved in vitro NDFD to improve digestibility and lamb performance is difficult due to yearly differences in forage growing conditions and ensiling dynamics.
agneaux est difficile puisqu'il y a des différences annuelles dans les conditions de croissance des fourrages et des dynamiques d'ensilage. [Traduit par la Rédaction]
Introduction
In western Canada, small grain silage is commonly used by both the dairy and feedlot industries, where optimizing animal performance in terms of milk production, growth and feed efficiency is the goal (McAllister et al. 1995; Baron et al. 2000) . Of the small grain silages, barley has been shown to have superior nutritional qualities compared with oat and triticale silage including higher dry matter (DM) and organic matter (OM) digestibility with a lower acid detergent fibre (ADF) content (McCartney and Vaage 1994; Helm and Salmon 2002) . Researchers have shown that increasing the digestibility of corn and grass silage increases dry matter intake (DMI) of ruminants, thereby increasing growth performance (Oba and Allen 1999; Keady et al. 2013) . Therefore, increasing the digestibility of barley silage would also be desirable.
It has been proposed that the neutral detergent fibre (NDF) content of forages is a good predictor of their contribution to gut fill and reflection of their nutritional value (Nocek and Russell 1988) . Consequently, selection of forages for increased ruminal NDF digestibility (NDFD) could result in reduced gut fill, higher passage rate of particulate digesta and increased forage DMI Allen 1999, 2000a; Huhtanen et al. 2006) . Previous research found that the in vivo NDFD of barley silage ranged from 46% to 52% DM (McCartney and Vaage 1994; McAllister et al. 1995) suggesting that selection for improved NDFD may be possible.
Selection of alfalfa and corn varieties for high silage NDFD has shown to improve production performance of dairy cows. Dado and Allen (1996) found that alfalfa silage selected for high NDFD increased DMI and milk production. Likewise, selection of brown midrib (BMR) 3 corn with low lignin content enhanced NDFD, and increased DMI, milk yield, and total milk protein and lactose yields (Oba and Allen 2000a) . Similarly, Grant et al. (1995) showed that compared with standard sorghum silage, BMR sorghum silage improved milk yield and levels of fat, protein, and lactose in milk when both were harvested at late dough maturity. Oba and Swift (2014) evaluated two semi-dwarf hulless barley silage varieties based on anecdotal evidence that Falcon barley silage increased milk production when fed to dairy cows compared with Tyto barley silage. They found Falcon to have a higher in vitro NDFD, but when the two varieties were fed to dairy cows in mixed diets formulated for equal N and NDF composition, there was no significant difference in DMI, milk production, or milk composition. However, Falcon silage increased feed efficiency as the total diet contained more silage due to higher NDF and N content of the silage, which resulted in a numerically lower DMI. Despite the numerically lower DMI and lower starch content of the diet, the cows did not exhibit decreased milk production with Falcon barley silage, supporting the theory that greater NDFD increased energy intake and possibly the efficiency of rumen microbial protein synthesis as milk urea nitrogen was also lower.
The overall objective of this project was to evaluate whether commercial barley silage varieties sampled onfarm would maintain their in vitro NDFD ranking when grown and ensiled at a single location Preston et al. 2016 ). The resulting silage was then assessed in a metabolism study using rumen-cannulated wethers to determine effects on ruminal fermentation, total tract digestibility and effects on DMI, average daily gain (ADG), feed efficiency, and the carcass traits of lambs.
Materials and Methods

Selection of barley varieties
Barley silage samples harvested at mid-dough maturity were collected from livestock producers across Alberta and Saskatchewan in the 2012 and 2013 growing seasons. The targeted sample size was a minimum of five barley varieties from up to 20 producers. Sample processing, analysis, and selection are described in Nair et al. (2016) and Preston et al. (2016) . Seven barley varieties were selected on the basis of having three or more samples collected during each growing season to provide enough replication for analysis of in vitro NDFD using the ANKOM Daisy incubator at 6 and 30 h incubation periods (ANKOM Technology Corporation, Fairport, NY, USA). Samples were then analyzed for residual NDF with heat-stable α-amylase and sodium sulphite included. The final varieties selected ranking from the highest to lowest (P < 0.05) NDFD after 30 h of incubations were 'CDC Cowboy' 34.19%, Ardell Seeds, Vanscoy, SK, Canada) , 'CDC Copeland' (I-NDFD, 28.29%, Wylie's, Biggar, SK, Canada), and 'Xena' (L-NDFD, 26.16%, Crop Production Services, Bow Island, AB, Canada). . Each barley variety was packed into replicate 2.5 m × 2.5 m × 2.5 m wooden bunker-silos after lining the concrete floor and walls with an impermeable polythene film (AT Films Inc., Edmonton, AB, Canada). Forage was manually packed as silos were loaded with two Thermochron iButtons (Embedded Data Systems, Lawrenceburg, KY, USA) placed in the centre of each silo to continuously record the temperature in each silo throughout ensiling. Once silos were filled, they were covered with plastic which was held in place by tires.
During the experiments, each barley variety was fed first from one silo, followed by the second silo once the first was emptied. Silage samples were collected throughout the feeding period for analysis of chemical and fermentation characteristics. Samples were collected from the first silo after 65 and 135 d and from the second silo after 177 and 209 d of ensiling. Samples were collected from five locations on the face of the silo after at least 25 cm of silage had been removed from the face. The five samples were combined to generate a representative sample that was subsequently analyzed for chemical and fermentation traits as described by Preston et al. (2016) .
In vitro NDFD
Silage samples collected throughout the feeding period were ground through a 1 mm screen using a laboratory grinder (Christy & Norris, Chelmsford, England). The same protocol was used as for the selection of barley varieties Preston et al. 2016) , with samples being incubated for 30 h in an ANKOM Daisy Incubator (ANKOM Technology Corporation, Fairport, NY, USA) in a mixture of rumen fluid and buffer solution (Holden 1999) . Four incubators were used with two runs performed. Samples were analyzed for residual NDF using an ANKOM 200 fibre analyzer (ANKOM Technology Corporation, Fairport, NY, USA) with sodium sulphite and heat-stable α-amylase included in the procedure (Van Soest et al. 1991) .
Sheep digestibility and growth performance experiments
Rideau Arcott × Canadian Arcott sheep were cared for in accordance with the Canadian Council on Animal Care (CCAC 1997) guidelines and the study was reviewed and approved by the Lethbridge Research Centre Animal Care Committee. Silos were opened after 65 d of ensiling, and the barley silage was fed to nine rumen fistulated wethers in a 3 × 3 Latin square experiment replicated three times and to 42 lambs in a growth performance experiment.
Digestibility study
Wethers (53.2 ± 2.6 kg) were fitted with 3.75 cm rumen cannulas (Kehl PolÍmeros Ltda, São Carlos, SP, Brazil) and randomly assigned to H-NDFD, I-NDFD, or L-NDFD barley silage diets. For the digestibility experiment, diets consisted of a 50:50 (DM basis) mixture of barley silage to pelleted concentrate (Table 1) . Silage samples (100 g) were collected daily and frozen at −20°C with DM content of the silage estimated weekly so the silage:concentrate ratio could be adjusted for any change in silage DM. Wethers had free access to water and were fed at 0800 for 18 d with a 12 d adaption period where feed intake was measured daily with each lamb receiving sufficient feed to generate 5% orts. Rumen pH was recorded using indwelling rumen pH loggers (LRCpH, Dascor Inc., Escondido, CA, USA) on day 12 to day 14 at which point lambs were restricted to 95% of voluntary intake to reduce sorting of silage and pellets. On day 18-21, wethers were moved to metabolic crates for a 4 d collection period during which lambs were fed at 90% of voluntary intake.
Digestibility study, sample collection
Rumen pH loggers (LRCpH, Dascor Inc., Escondido, CA, USA) were inserted into the rumen to record pH over 48 h between 0800 on day 12 and 0800 on day 14 while the wethers were still housed in floor pens. The electrodes were calibrated at 39°C in pH 4 and then pH 7 buffers before insertion and set to record pH every minute. Following removal from the rumen, data were downloaded and electrodes were recalibrated to estimate drift in pH estimates. The pH data were standardized for each wether and summarized by day as average pH, maximum, and minimum values. Duration below and area under the curve (AUC) was also estimated for pH threshold values of 6.2, 6.0, and 5.8. Area under the curve was the sum of the absolute value of pH below the threshold multiplied by the duration below and reported in pH × min (Hunerberg et al. 2013) . Area under the curve was corrected for intake by dividing AUC by DMI. On day 18, wethers were fitted with fecal collection bags and placed into metabolic crates for collection of total feces and urine. Urine was collected in 5 L containers with 100 mL of 2 mol L −1 sulfuric acid added to maintain the pH below 3.0 so as to prevent the volatilization of ammonia. Samples of diets (250 g) and orts were collected daily for analysis with orts being gathered just prior to feeding. At the end of the each period, the DM content of pooled orts for each wether was measured and subtracted from the daily feed allocated to estimate DMI. Urine was filtered through two layers of cheesecloth, the total volume was measured and 10% of the daily output was pooled for each week. At the end of the week 2, subsamples of the pooled urine were stored at −20°C until analyzed. Daily fecal output was weighed, and 15% was sampled and dried at 55°C with samples being pooled for the entire period. Rumen fluid samples (250 mL) were collected on day 21, at 0, 3, 6, and 12 h after feeding. Samples were obtained from the ventral, cranial and caudal sacs, and mixed with fibrous material from the rumen mat. Rumen contents were strained through two layers of PECAP nylon (Sefar Canada Inc., Ville St. Laurent, QC, Canada) and subsamples (5 mL) of rumen liquid were mixed with 1 mL of 25% metaphosphoric acid and 1 mL sulfuric acid for analysis of volatile fatty acid (VFA) and NH 3 -N, respectively. All samples were stored at −20°C until analyzed. For enumeration of protozoa, rumen fluid (5 mL) was also collected at 0, 3, and 12 h after feeding, mixed with 5 mL methyl green formalin salt solution (MFS) and stored in the dark until counted.
Growth performance study
The growth performance experiment used equal numbers of ram and ewe lambs, sorted by sex into treatment groups (n = 42; 21 males, 21 females). Prior to start of experiment, they were vaccinated against Clostridial infection with Tasvax 8 (Schering-Plough Animal Health, Upper Hutt, New Zealand), and allowed 3 wk to adapt to increasing levels of barley silage in the diet. Once adapted, lambs were weighed on two consecutive days at the start of the trial and randomly assigned to individual pens where they were fed either H-, I-, or L-NDFD silage containing a 40:60 ratio of silage to pelleted concentrate diet (DM basis; NE g ≈1.1 Mcal kg −1 ; Table 1 ). Compared with the digestibility experiment, the level of concentrate in the diet in the performance study was deliberately increased to enable lambs to reach market weight within a reasonable time.
Lambs were fed barley silage-pelleted concentrate total mixed diets (Table 2 ) at 0930 daily. Silage and pellets were mixed using a Data Ranger feed mixer/delivery unit (American Calan, Northwood, NH, USA) to ensure at least 5% orts. Orts were removed and weighed daily for estimation of DMI and subsamples were saved for chemical analysis. Lambs were weighed weekly, fed for 70 d and weighed on two consecutive days just prior to slaughter. Rams achieved a finished weight of 50 kg and were slaughtered at a commercial abattoir (Sungold a Barley silage varieties were selected for in vitro 30 h NDFD ranking of on-farm silage samples according to Nair et al. (2016) with high (H-NDFD, 'CDC Cowboy', 370 g kg
, and low (L-NDFD, 'Xena', 288 g kg −1 ).
Specialty Meats Ltd., Innisfail, AB, Canada). Ewes were removed from experiment at the same time as the rams, but only used for estimation of DMI, ADG, and feed efficiency. Carcass data for the ram lambs included grade rule which was the total thickness of the tissue across the 12th-13th rib measured 11 cm from the backbone after the carcass had cooled for at least 30 min after slaughter. Yield grades were assigned on this basis with YG1 at 5-11 mm, YG2A at 12-15 mm, YG2B at 16-18 mm, YG3 at 19-23 mm, YG4 at 24+ mm, and C at 0-4 mm. Hot carcass weight (HCW) was also recorded and dressing percentage was calculated based on the lamb weights taken on the 2 d prior to shipping.
Chemical analysis
The three silages were sampled (100 g) every morning before feeding and stored at −20°C with each variety pooled by week and dried in a forced air oven for 72 h at 55°C to determine silage DM. Estimated DM was used to adjust the silage to concentrate DM ratio to ensure that it remained constant. Samples of the diets were collected daily during the total collection period for nutrient analysis. At the end of the collection week, total pooled feces were thawed and dried at 55°C for each week and then ground through a 1 mm screen for chemical analysis.
The performance trial diets and the orts from each lamb were sampled daily and pooled weekly, while concentrate samples were taken with each lot of pelleted concentrate. These samples were then dried in a forced air oven for 72 h at 55°C to determine weekly DM content. Silages and diets for each treatment were pooled for the first 4 wk and the last 6 wk, generating two replicate samples over the feeding period. Samples were ground through a 1 mm screen using a Retsch 2100 grinder (Verder Scientific Inc., Newton, PA, USA). Weekly orts from each lamb were dried at 55°C, and then pooled for the first 4 wk and last 6 wk, for analysis of NDF and ADF.
Analytical DM of the total mixed ration (TMR), silage, pelleted concentrate, orts, and feces was measured by drying at 105°C for 24 h, and OM by ashing at 550°C for 5 h. NDF and ADF were determined sequentially following the procedure of Van Soest et al. (1991) using the ANKOM 200 fibre analyzer (ANKOM Technology Corporation, Fairport, NY, USA) with sodium sulfite and heat stable alpha-amylase included in the determination of NDF. Samples were further ball ground using a Retsch MM400 (Verder Scientific Inc., Newton, PA, USA) for determination of starch and crude protein (CP). CP was estimated as total N × 6.25, with total N analyzed by elemental combustion on a NA1500 Nitrogen/Carbon analyzer (Carlos Erba Instruments, Milan, Italy). Starch content was estimated by enzymatic hydrolysis to release alpha-linked glucose as described by Bach Knudsen (1997) after samples were gelatinized for 1 h at 90°C. Urine samples were thawed, diluted 1:5 with distilled water and 50 μL of each sample was dried at 55°C overnight for determination of total N by elemental combustion.
VFA concentrations in rumen fluid were measured using crotonic acid as an internal standard using a Hewlett Packard model 5890A series Plus II gas-liquid chromatography (Hewlett-Packard Co., Palo Alto, CA, USA) equipped with a Zebron FFAP fused silica capillary column (30 m, 0.32 mm i.d., and 1.0 μm film thickness, Phenomenex, Torrance, CA, USA). Lactic acid was measured using the same gas chromatography and column after methylation with BF 3 -methanol, using malonic acid as an internal standard as described by Kudo et al. (1987) . Ammonia-nitrogen was measured using the phenolhypochlorite method of Broderick and Kang (1980) with an autoanalyzer (Technicon Instruments Corp., Tarrytown, NY, USA) and chromophore detection by an Astoria Pacific 305D Digital Detector with FASPac software (Astoria Pacific, Clackamas, OR, USA). The rumen protozoa populations were counted using a bright-light compound microscope (Primo Star, Carl Zeiss Canada Inc., Toronto, ON, Canada) and counting five of the nine large squares (1.0 mm 2 ) of a Neubauer Improved bright line cell counting chamber (0.100 mm depth) (Hausser Scientific, Horsham, PA, USA).
Statistical analysis
In vitro NDFD was analyzed as a randomized complete block design (RCBD) with fixed effect of cultivar, and random effects of silo and run in the model . Dry matter intake and nutrient digestibilities were analyzed as a replicated 3 × 3 Latin square using the model:
where y i was the observation, μ was the population mean, t i was the fixed effect of barley cultivar, s j was the effect of square, p k (s j ) was the effect of period within square, and A l (s j ) was the effect of wether within square in the model using the PROC MIXED procedure of SAS (SAS Institute Inc. 2008). All pH logger data were analyzed using the Toeplitz covariance structure for equally spaced repeated measures of day. The unequally spaced collection time points for rumen fluid and protozoa used the unstructured covariance structure for repeated measures at sampling time points. Protozoa counts were log transformed prior to analysis. The nutritional value of the metabolic diets was analyzed as a CRD with fixed effect of treatment and replication of period, while performance diets were analyzed with fixed effect of treatment and replication being samples from the first half and the second half of the feeding period.
The performance feeding trial was analyzed using the model:
where y i was the observation, μ was the population mean, t i was the fixed effect of barley cultivar, s j was the effect of sex, and t i s j was the interaction of cultivar and sex, and e ij was the residual error. The carcass data from rams were analyzed as a complete randomized design with the model
where y i was the observation, μ was the population mean, t i was the fixed effect of barley cultivar, and e i was the residual error. The YG scores were analyzed using the GLIMMIX procedure of SAS with a Poisson distribution. Means were separated using pdmix800 (Saxton 1998) and differences declared significant when P ≤ 0.05.
Results
In vitro NDFD and chemical composition of silages
Analysis of the in vitro NDFD of the barley silages (Table 3) fed during the feeding trials showed no difference (P = 0.124) among varieties. The H-NDFD silage had lower (P = 0.003) DM and OM (P = 0.001) than the other silages. CP was low and did not differ (P = 0.706) among silage varieties ranging from 85.2-86.8 g kg −1 (DM basis).
The NDF content was the highest (P = 0.001) for H-NDFD and lowest in L-NDFD, with ADF content of H-NDFD being higher (P = 0.003) than other silages. Starch levels did not differ among varieties, even though I-NDFD was 3% higher in starch than the other two varieties.
Digestibility trial
The nutritional value of the diets varied with the variety of barley silage (Table 4) . DM and CP levels did not differ (P > 0.1); however, OM was lower (P = 0.005) in the H-NDFD diet than the other two. NDF was higher (P = 0.017) in H-NDFD than the other diets, while L-NDFD was lower (P = 0.004) in ADF. Starch content of the diets was higher (P = 0.03) in L-NDFD than the H-NDFD diet. Daily nutrient intake of the lambs was the same (P = 0.225), except that starch intake was lower (P < 0.001) in the H-NDFD diet than other diets (Table 5) . Total tract digestibility of nutrients did not vary (P > 0.1) among diets.
The only difference observed in the levels of individual or total VFAs (Table 6 ) was valerate, which was higher (P = 0.023) in L-NDFD than H-NDFD. The acetate: propionate level was lower (P = 0.004) for lambs fed the L-NDFD diet compared with lambs fed other silages. There were a higher (P = 0.047) number of protozoa in the rumen of lambs fed H-NDFD at 6.23 log 10 protozoa mL −1 rumen fluid compared with those fed I-NDFD and L-NDFD which had 6.14 and 5.91 log 10 protozoa mL
rumen fluid, respectively. The average daily rumen pH recorded by the data loggers (Table 7 ) was higher (P = 0.043) in lambs fed the H-NDFD diet compared with the L-NDFD diet. When daily duration that rumen pH was below 6.2, 6.0, and 5.8 was determined, lambs fed the L-NDFD diet consistently spent more time (P ≤ 0.005) below 6.0 and 5.8 than lambs fed H-NDFD or I-NDFD diets. Lambs fed the L-NDFD diet spent an extra 100-150 min d −1 below pH 5.8 compared with the other diets, and the time that the rumen pH remained between 5.8 and 6.0 was more than 100 min longer for lambs fed the L-NDFD diet.
Performance trial
The performance trial diets were formulated to have equivalent DM concentrate:silage ratios, with there ), and low (L-NDFD, 'Xena', 288 g kg
).
b
Comparison of barley silage variety. c In vitro 30 h NDFD ).
being no difference (P > 0.1) in the nutritional composition of the complete diets (Table 2) . Although performance parameters always differed (P < 0.001) between sexes, no (P > 0.1) sex by silage variety interaction was observed. There was no difference in end weights (P = 0.406), or ADG (P = 0.199) of lambs fed different varieties (Table 8 ). The only significant difference seen among treatments was for DMI, which was higher (P = 0.002) for lambs fed L-NDFD and H-NDFD than for I-NDFD. Note: Rows with different lowercased letters indicate significant difference (P < 0.05) between silage varieties. SEM, standard error of the mean; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre.
a Barley silage varieties were selected for in vitro 30 h NDFD ranking of on-farm silage samples according to Nair et al. (2016) high (H-NDFD, 'CDC Cowboy', 370 g kg −1 ), intermediate (I-NDFD, 'CDC Copeland', 311 g kg −1 ), and low (L-NDFD, 'Xena', 288 g kg −1 ). Note: Rows with different lowercased letters indicate significant difference (P < 0.05) between barley varieties. SEM, standard error of the mean.
a Barley silage varieties were selected for in vitro 30 h NDFD ranking of on-farm silage samples according to Nair et al. (2016) Carcass traits did not differ among silages for HCW (P = 0.920) or grade rule (P = 0.568) ( Table 9 ). Average dressing percentage was higher (P = 0.045) for ram lambs fed L-NDFD at 48.1%, than ram lambs fed I-NDFD (45.3%).
Discussion
The purpose of this study was to evaluate whether selection of a variety of barley silage based on high in vitro NDFD would improve digestibility and lamb performance. Presently, selection for forage barley varieties tends to focus on yield and agronomic characteristics, as opposed to feed value.
In vitro NDFD
The in vitro NDFD of the barley varieties fed during the digestibility and performance trials did not differ, despite the fact that these three varieties were Table 8 . Effect of barley silage on feed intake and performance of finishing lambs when varieties were selected for in vitro neutral detergent fibre digestibility (NDFD) based on on-farm silage samples (n = 42). Note: Rows with different lowercased letters indicate significant difference (P < 0.05) between barley varieties. SEM, standard error of the mean; DMI, dry matter intake; ADG, average daily gain.
a Barley silage varieties were selected for in vitro 30 h NDFD ranking of onfarm silage samples according to Nair et al. (2016) ).
b
Average flesh thickness measure between the 12th and the 13th rib, 11 cm from the backbone after cooling at least 30 min.
previously selected on the basis of in vitro NDFD of field silage samples . Plant and agronomic factors that may have led to the differences between NDFD at selection and the resulting NDFD of the silages produced during this trial could have included differences in cell wall crystallinity, cell wall, and lignin content and structure (Jung and Allen 1995) . All of these factors are heavily influenced by the maturity of the plant at the time of harvest. As plants mature, lignin content increases and the digestibility of NDF is lowered (Moore and Jung 2001) . The chemical composition of the fresh forages did not indicate that barley varieties differed in maturity during this trial ). However, differences in stage of maturity between the silage varieties during the selection process and the silage produced in this trial could account for differences in NDFD. Based on these results it appears that it is difficult to select barley silage varieties for improved NDFD using ensiled field samples as this selection process did not result in improved total tract digestibility of NDF or improved growth performance of lambs. Dado and Allen (1996) had similar problems with selection criteria failing to remain the same in an in vivo trial compared with when two alfalfa silages were selected with similar NDF content, but differing in in vitro NDFD at 10, 24, and 120 h of incubation. The difference in in vitro NDFD of the two selected silages was higher at time of selection than what was reflected by in vitro NDFD of the silage fed during the feeding trial 4.5 mo later. This was accompanied by a decrease in the NDF content of the higher digestible silage, which led the authors to attribute the differences to either a decrease in cellulose between the time of selection and assessment of in vitro NDFD. Alternatively, biased sampling procedures during selection could have resulted in an inaccurate leaf to stem ratio in the samples analyzed, where higher leaf content would increase NDFD. Although there was a 5.2% variation in in vitro NDFD in this study, this variation was only 1.6% during the lactation trial, but even with this reduced difference the authors observed an increase in DMI and milk production in cows fed the silage with a higher NDFD (Dado and Allen 1996) .
In vivo NDFD
Our digestibility trial did not show any varietal differences in terms of nutrient digestibility or DMI, a result that is consistent with the uniform in vitro NDFD among the three silages. Increased in vitro NDFD is not a guarantee of improved total tract digestibility as Oba and Allen (2000b) saw no increase in digestibility of BMR corn in dairy cows despite a 9.4% increase in 30 h in vitro NDFD over a nearly isogenic non-BMR variety. However, these authors did observe an increase in DMI with BMR silage. Sousa et al. (2014) planted four sugarcane genotypes from a previous survey of nine fresh sugarcane genotypes selected for high (two genotypes) and low (two genotypes) NDFD based on in vitro NDFD after 48 h. The four genotypes were sampled monthly to monitor in vitro NDFD to select the two with the greatest difference, with apparent sucrose used as an indicator of maturity throughout growth. When the genotypes selected for high NDFD (38.4%) and low NDFD (30.6%) reached 18% apparent sucrose they were chopped and ensiled. When silage was included in a corn-soybean meal diet at 40% (DM), Sousa et al. (2014) found that cannulated Nellore steers fed the high NDFD sugarcane had higher DMI than cattle fed the low NDFD variety. Oba and Swift (2014) fed two barley silage varieties, Tyto and Falcon, that differed by 4.4% in 30 h NDFD. The diets were formulated to have equal NDF and N levels, resulting in silage inclusion rates of 656 and 600 g kg −1 for Falcon and Tyto, respectively. The higher NDFD of Falcon failed to have a significant effect on DMI; however, there was an improvement in the feed efficiency of the dairy cows fed the silage with higher digestibility.
Nutrient value of silages
The CP content of all three silages was less than expected for barley silages which are normally in the range of 10%-12% DM (Baah et al. 2011; Nair et al. 2016 ). This caused some concern when formulating rations for the lambs as it was important to ensure that the pelleted concentrate had enough CP to meet the nutritional requirements of lambs. The National Research Council (NRC 1985) CP requirement of lambs is based on weight, with finishing lambs at 30 kg requiring 14.7% CP in their diets. Our diet was slightly under this recommended concentration at 13% CP. McAllister et al. (1999b) fed a 15% CP diet to lambs with an average start weight of 21 kg, when the requirement for lambs that size is 16.9% CP. The low dietary CP had no adverse effects on lamb performance as ADG was 350 g d −1 . However, McAllister et al. (1999b) fed a pelleted ration that was 75% barley grain, allowing for higher DMI so lambs were able to consume 230 g d −1 CP. In the present study, the high silage content of the diet restricted lamb CP intake to only 130 g d −1 . The slower growth observed in lambs in our growth trial is probably a reflection of the lower dietary CP. Mir and Mir (1993) fed diets containing as low as 11.1% CP (DM basis) to finishing lambs at a starting weight of 19.5 kg, and while the lambs did grow, their growth was slower than lambs fed higher protein diets. During the digestibility study, wethers fed L-NDFD diets had numerically higher DMI, consuming almost 100 g DM d −1 more than when fed H-NDFD. Increased dietary DM content has been shown to increase DMI in sheep (Worley et al. 1986 ), feedlot steers and dairy cows (Lahr et al. 1983 ). However, NDF concentration has also been shown to affect DMI, as observed by Oba and Allen (2000b) where dairy cows fed low-NDF silage diets ate more per day, compared with those fed high-NDF diets with the NDF content of the diets differing by 9% of diet DM. The ADF and NDF content of L-NDFD silage were lower than that of both H-NDFD and I-NDFD silages. The numerical difference in DMI evened out the ADF and NDF intakes of lambs between treatments, as well as resulted in a higher intake of starch by lambs in L-and I-NDFD diets. The slightly lower ADF and NDF digestibility observed in L-NDFD could be due to the longer duration that the rumen pH was below 5.8 and 6.0, potentially lowering the activity of cellulolytic bacteria (Russell and Wilson 1996) . Nutrient digestibility in this trial was within the range of that reported in other experiments using barley silage (McCartney and Vaage 1994; McAllister et al. 1995 McAllister et al. , 1999a . In these studies, NDF digestibility exhibited the greatest variation, ranging from 445.0 to 520.0 g kg −1 , suggesting that there may be merit in selecting for this trait if a suitable laboratory model could be identified to screen varieties. Little work has been done to select barley varieties for increasing digestibility. Lambs fed the L-NDFD diet exhibited the lowest mean and the longest daily duration at a low pH. Low rumen pH has been tied to decreased fibre digestion as a result of the inhibition of fibrolytic bacteria (Russell and Wilson 1996) . The L-NDFD diets had the lowest NDF and ADF content and the highest level of starch intake, factors that could have contributed to the lower pH and numerically the lowest level of NDF digestibility with this silage.
Rumen pH becomes an issue when the pH drops below 5.6, the threshold for subacute rumen acidosis, while acute acidosis is diagnosed as a pH less than 5.0 (Gonzalez et al. 2012) . The minimum rumen pH recorded in wethers was within the threshold of subacute acidosis, but the mean rumen pH for all three silages was well above this threshold. Fibre content of the diet is important to stabilize the rumen environment as its slower rate of degradation modulates the release of VFAs and stimulates rumination and saliva production, buffering the rumen environment (Gonzalez et al. 2012) . A lack of liver abscesses at slaughter suggests that acidosis was not a significant problem with any of the diets.
The total VFA concentrations were inversely related to mean rumen pH with wethers fed the L-NDFD having the lowest pH and highest concentration of VFAs. The acetate to propionate ratio was lowest in wethers fed L-NDFD reflecting the higher starch intake, which favours the production of propionate over acetate (Hook et al. 2010) . Protozoa are credited with contributing to fibre breakdown in the rumen and their principle VFA products are acetate and butyrate, a response that correlates with the lower number of protozoa in wethers fed the L-NDFD diet as they also exhibited the lowest A:P ratio.
Lamb performance Steen et al. (1998) The DMI of I-NDFD was lower than the other two diets explaining why the ADG and final weight was slightly lower for lambs fed this diet compared with others. This response may reflect the slightly higher NDF content of this diet, though the actual NDF intake was not different. The lighter weights resulted in three I-NDFD lambs grading YG1 as they were not over finished. Final weights and HCWs were similar to those of Borton et al. (2005) , when lambs were finished on pasture to a target weight of 50 kg. The dressing percentage of the I-NDFD fed lambs was lower than desired as the average dressing percent for lambs is generally 48%-50% (Sungold Specialty Meats Ltd. 2013). The silage in the diet probably promoted this outcome as forage fed lambs tend to have lighter dressing weights than concentrate fed lambs, due to an increase in the contribution of digestive tract contents to total live weight (Borton et al. 2005) .
Few experiments have attempted to examine the impact of selecting for improved NDFD on weight gain, with most looking at the impact of this parameter on milk production (Dado and Allen 1996; Oba and Swift 2014) . McAllister et al. (1999a) attempted to improve the digestion of an 80% barley silage diet fed to beef cattle through treatment with increasing concentrations of fibrolytic enzymes. They found that enzyme treatment improved feed intake resulting in a slight increase in gain. Addah et al. (2012a) ensiled barley silage with a ferulic acid esterase producing strain of Lactobacillus buchneri intended to improve fibre digestion, as well as Lactobacillus plantarum, and Lactobacillus casei to evaluate the effect on growth performance of feedlot steers. During an in situ trial, Addah et al. (2012b) found that inoculating barley silage with this additive increased NDF disappearance compared with control silage at both 24 and 48 h incubation. The increase in ruminal degradation was seen in the slowly degradable NDF fraction, as opposed to the rapid disappearing (soluble) fraction. The inoculant-treated silage lowered DMI, improving feed efficiency, as ADG of the steers was not different from steers fed the diets containing control silage. However, when the same inoculant was applied to barley silage in an experiment that evaluated the interaction of the inoculant with barley chopped to different lengths (1 vs. 2 cm) in a finishing diet, the inoculant failed to improve steer DMI or ADG (Addah et al. 2015) . Improving fibre digestibility through silage inoculants has proven difficult, but by identifying plant characteristics in combination with additives or inoculants, one might be able to more consistently improve the NDF digestibility of barley silage.
Conclusion
Silage varieties grown at the same site did not maintain the same ranking of in vitro NDFD based on analysis of field samples. The lack of variation in NDFD was likely due to differences in stage of maturity, with maturity being inversely related to digestibility. The experiment did not support the hypothesis that selection for in vitro NDFD of field samples of barley silage would result in improvements in total tract digestibility or growth performance of lambs. However, it was difficult to fully evaluate whether barley silage with higher in vitro NDFD was more digestible as there was no difference the digestibility among the three barley silage varieties selected. Differences were seen in the rumen fermentation of lambs fed L-NDFD ('Xena') diets, including a lower A:P ratio, lower rumen protozoa populations, and lower rumen pH due to lower fibre and higher starch levels in the diet. Lambs fed L-NDFD ('Xena') also exhibited higher DMI and dressing percentages than lambs fed I-NDFD ('CDC Copeland'), illustrating that the feed value among ensiled barley varieties does differ. However, optimizing the growth performance of lambs by feeding barley forage varieties selected for improved NDFD based on analysis of silage could prove difficult owing to the myriad of factors that can influence the nutrient composition and digestibility of silage.
